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CHAPTER 3 
 
 
METHODOLOGY 
 
 
3.1 INTRODUCTION 
 
This chapter will described in detail on the overall flow of the project from the 
procedures to the simulation of the hybrid harvester. This methodology also aims to act 
as a proper guideline to ensure a smooth flow of the project. Throughout this thesis, a 
finite element analysis (FEA) is used for modelling the proposed design of energy 
harvesters in which the results of these simulations are extracted for analysis. Initially, 
the proposed design will be model with the aid of the computer aided engineering 
software called SolidWork. Then the created model will be import into the computer 
simulation tool to perform the finite element analysis.  
 
3.2 PROPOSED DESIGN 
 
To achieve the objectives of the project, this study will focus on the design of 
hybrid harvester that able to scavenge the ambient energy and operate at a low frequencies 
that are normally between 10-125 Hz. The proposed design comprised of the piezoelectric 
material that is mounted as bimorph cantilever beam. This design incorporates a 
piezoelectric cantilever beam with a magnet attached at the tip of the beam as shown in 
the Figure 3.1. The piezoelectric layer is fixed at the points of contact with the mount and 
as the system vibrates, it will experience the deflection. Therefore, the magnet that is 
attached at the tip of the piezoelectric beam will also move vertically inducing a voltage 
inside the copper coil through Faraday’s law of induction. Hence, both piezoelectric and 
magnet will actively contribute to the energy harvesting process. 
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Figure 3.1: Piezo-Electromagnetic design concept 
 
3.2.1 Design Geometry 
 
The initial model consists of 9620 elements for both piezoelectric and shim with 
a uniform element length of 0.8 mm. Figure 3.2 shows a schematic diagram of the design 
domains, geometric constraints, load, and boundary conditions of the design. One end of 
the beam is fixed at three coordinates; x, y, and z. Meanwhile a concentrated pressure is 
applied at the opposite free end of the cantilever beam. The initial dimensions of the beam 
are listed in Table 3.1. This design study mainly based on the research made by Thein 
(2014). 
  
 
 
  
 
 
 
Figure 3.2: Load and boundary conditions of the simulation setup. 
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Table 3.1: Dimensions of the initial design. 
 
Parameters   Initial value (mm) 
Thickness of piezoelectric material (𝑡𝑐) 0.19 
Thickness of shim material (𝑡𝑠ℎ) 0.13 
Height of magnet (𝑡𝑚) 12.7 
Length of base (𝑙𝑏) 21.5 
Length of tip mass (𝑙𝑚) 2.00 
Width of magnet (w(y)) 12.7 
 
In this study, the finite element analysis was executed with several number of 
sample that is made up with a variance of dimension for the cantilever beam. The variable 
parameter of dimension comprise of the length and the width of the beam. Whereas the 
constant parameter was set on the thickness of the beam and the load given on the system 
as well as the material properties of the component. Besides, the dimension of the magnet 
also remain unchanged as it follows the dimension from the datasheet. The sample and 
its dimension are given in the Table 3.2 below. 
 
Table 3.2: List of dimension for each cantilever beam sample. 
 
Beam Length (mm) Width (mm) Thickness (mm) 
A 16.5 6.35 0.51 
B 36.5 12.7 0.51 
C 36.5 19.05 0.51 
D 36.5 6.35 0.51 
E 36.5 12.7 0.51 
F 36.5 19.05 0.51 
 
 
 
 
 
